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A Simple Example of an SADMT Architecture Specification

P.

1. Introduction

In this paper, a complete specification of a simple SDI Architecture. SDSO (pronounced
SDS naught), and threat is given. This specification includes:
(1) an informal description of SDSO,
(2) the main program that creates the components of the simulation,

(3) the specification of the BM/C 3 logical processes of the SDSO,
(4) the specification of the Technology Modules (TMs) used by SDSO,

(5) the specification of the BM/C 3 and TMs of the threat.
This example illustrates the manner in which an SDS architecture can be described in SADMT. 0 %

The entire architecture, BM/C 3 and TMs, is described in SAGEN and was translated by the .
SAGEN processor into SADMT before being executed. b

2. Informal Specification J%

Components
This sample architecture contains the following components: 0
Two command posts
Four sensor platforms in geosynchronous orbit

n weapons platforms in low orbit
These components send (through SADMT ports) the following kinds of messages to each other:
(1) Command post to all satellites: the current status.
(2) Sensor platforms to all components: target detection information
(3) Sensor platforms to all components: summaries of target information messages received

from other sensor platforms.
The system is always in one of two status levels: war or peace, and the system is initially at peace.
Processing V

The following is an outline of the processing that takes place within this system. A com-
mand post receives target information continuously from the sensor satellites. It broadcasts a
status message (war or peace) to all satellites every ten minutes. When it first receives a message
indicating that targets have been detected, it changes status from peace to war and broadcasts
that new status immediately. If at war, and no targets are detected for over one hour, the status is
changed back to peace.

A sensor scans a designated area an reports all detected targets to all satellites and com-
mand posts. In addition, it rebroadcasts a summary of any message it receives from a sensor
platform with a higher ID than its own. (The senor platforms are ordered 1 through 4.)

A full sensor message contains the ID of the sensor sending it, the number of targets 0
detected, and a list of information about the targets (including the current position and velocityof each target). A relayed summary message contains only the ID of the sensor platform that is
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relaying it, and the number of targets detected.

A weapons platform receives all messages transmitted by the command posts and sensor 6
platforms. It processes the status messages from the command posts, and as long as the status
remains at peace it does not care about the contents of any message form the sensors. Neverthe-
less, after the weapons platform receives a message changing the status to war, it processes all
messages that come directly from a sensor platform (i.e., those that contain the complete target
information, not the relayed summaries).

For each sensor message processed, the weapons platform calculates the target with the
highest probability of kill (Pk). If that Pk is higher that some minimum, it aims and shoots at that
target.

The weapon fired is a dumb KKV that travels in the direction it is fired at a constant velo-
city of 5 km/sec. The weapons platform does not bother to count its remaining KKVs; it keep
on playing the game even after it has exhausted its supply.

3. MAIN
The following code is the main program for the SADMT/SF simulation of SDSO. This

program creates the initial configuration of platform and starts the simulation.
with SystemScheduler,

Cones-_PlIatforms,
Latitude-n-Longitude,
SensorCone_Rcsponse_Tmpkg,
Tracker.Tm-pkg,
Platform_Colsionm_.pkg,
Russian.MissileBasePlatformpkg,
Command.Post.pkg,
SensorPlatform..pkg,
WeaponsPlatformxpkg,
Math,
Vectortpkg,
Debug-flags,
VERDIX;

procedure mainsdsO Is 6
package PDLJiO renames Cones-nPlatforms. PDL.pkg.PDLJO;
package CnPjp renames Cones-nPlatforms.interface.procs;
use PDLJo; use txtio, int-io;

use Conesn.Platforms,
SystcmScheduler, .
Vector-pkg,
Cones-nPlatforms .eqn.motion.pkg,
Latitude_.n-Longitude,
RussianMissileBasePlatformpkg,
Command-Postpkg,
SensorPlatform-pkg,
Weapons-Platform pkg,
Math;

Use PDL.pkg;
use Command_Post_PARA.L_pkg;

use SensorPlatform-PARAApkg;
use WeaponsPlaformJ'ARAmIpkg; r

num.sensor-platforms: constant:- 4;

SECONDS: constant:- PDL-ticks-per-second;
MINUTES: constant:- 60 • SECONDS;

HOUR: constant: - 60 0 MINUTES;

missile.base-com: eqn.motion.type:- new-eqnmotionrec;
postl-eom: eqn-motion-type:- new-eqnrmotion-rec;

2
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postL-param: Command-Post-parameterization-ptr: -
new CommandLPost-parameterization;

post2-eom: eqn-motion..type: - new-eqn .motion-.rec;
post2..param: Command-PosL-parameterization-ptr: -

new Command-.Post-parameterization;
sensor-.com: eqn, motion-type;
sensor..pararn: Sensor-.Platform-.parameterization-ptr;

weapolL-ecm: eqzL notiontyp:;

sensor-rdiusr: cnstaing.t:-Re; .85

weapon-.radius: constant:- Re* 1. 125;%
weapon-discr: PDL-string..ptr;
theta: float;

Pic platforax-pos: vector;

begin

puLline("The SDSO simulation:");

CnP..jp.platforms-.canLcolhde(Russian-Nfissile-Base-latform..designator,

CommandLPost-designator);
CnP Jp-platforcancollide(no..Patf-om.designator,

CnP..jp.patforms.canLcollide(Russian-Mssile..Base..Ylatformdesignator,
Weapons-Ylatform-.designator);

pu~tine(" Creating Russian Missile Base at " &
'(55.8 degrees E, 37.9 degrees N).");

missile-.base...om. position: - Iocation(37.9, 55.8);
missile-.base..eom. delta-t: - maxJ'Dm-duration;
missile-.base..eom.back-ptr.flag: - true;
missile-.base..eom.nexLrec: - missile-base-c.om;
Russian-Missile. Base...latform .cp..pkg.create..platform(

Russian...Missile.Base-.Platform...designator,
name-> Russian-.Missile-.Base...Patform-.name,
initiaLposition-> Iocation(37.9, 55.8),
eqn-.motion-> missile..base-..om);

putjine(" Creating Command Post 1 at" &
"(255.0 degrees E, 37.5 degrees N).");

postL-param.cpid:- "CPost 1";
post 1eom.position: - location(37.5, 255.0);
postl-eom.delta.t: - maX...DLduration;
post1_eom.back.ptr.flag: - true;
post Ieom.next-rec:- postL-eom;
Command-.Post-cp..pkg.create-.platform(Command.J'ost-dcsignator,

name-> CommandLPosLname,
discr-> PDLstring-.ptr'(

new string'("1")),
param -> postl-param,
initiaLposition-> Iocation(37.S,
255,0),
eqn .motion-> postl-eom);

putine(" Creating Command Post 2 at" &
"(270.0 degrees E, 37.5 degrees N).");

post2-.param. c-d: - "CPost 2";
post2_.eom. position: - Iocation(37.S, 270.0);
post2_.eom.delta..t:- maX.J'DL..Auration;
post2..eom .backptrjiag: - true;
post2_.eom .nxt..rec: - post2..eom;
Command-Post-cP.pkg. create-.platform(Command-Post-designator,

name-> Command-Posuname, N

30
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discr-> PDL..trng.ptr'(
new string'("2")),e_
param, -> post2..param,
initiat~position-> location(37.5,
270.0),
eqn..motion-> post2_eoni);

put(num-.sensor-platforms,l);
put(" Sensor Platforms ");
for ij in 1. .num..jensor..platforms loop

sensor...om:- new..eqn.Jnotion-rec;
theta: - aloat(ij - 1) 0 2.0 0 iI /foat(num-.sensor-platforMs);
platform-.pos.x:- cos(theta) *sensor..adius;

platform-pos.y:- sin(theta) *sensor,.radius;

platforn..pos.z:- 0.0; a

sensor...om.position:- platform-pos; X %

sensor..eom.delta-t: - MaXJ'DL-duration; '

sensor-com.back-.ptr-Bag: - true;
sensor..com. next-rec: - sensor~eom;
sensor-.param: - new Sensor..Platform-.parameterization;
sensor-.param.sR-id:- "Sensor ";
put(sensor..param.sp-id(7. .7),ij);
sensor..Aiscr:- new string'(integer'image(ij));
Sensor-Platform.cR..pkg.create..platform(Sensor-latform..designator,

name-> Sensor.Ylatorm name,
discr-> sensor..discr,
param -> sensor-param,
initiaLposition-> platform pos,
eqn-motion-> sensor..eom);

end loop;
newjine;
put(*Creating);-
pltflebug-Flags.nuntw-aponi-platforms,l)';
put(" Weapons Platforms")
for ij In 1.. .Debug-lags.num-.weapons-platforms loop

weapon..eom:- new..eql-motiolL-rec; ~
theta: - float(ij - 1) 0 2.0 *P1 / float(

Debug-Ylags.nun..weapons-.piatforms);
platform...pos.x: - cos(theta) *weapon-..radius;
platform-pos.v: - sin(theta) *weapon-radius;

platform..pos.z:- 0.0;
weapoI-eom. position : - platform-pos;
weapon..eom.delta.J: - max.J'ot-duration;
weapon..eom.back-ptr.Aag: - true;
weapoi-eom.next-rec: - weapon..eom;
weaporL-param: - new Weapons.Ylatfornt.parameterization;
weapon..param.wPjid:-"W "';V
put(weapon-param.wp-jd(3. .7),ij);
weapon..disCr: - new string'(integer'image(ij));
Weapons-Platform-c'pkg.create.platform(Weaponsj'latform-designator,

param -> weapon-param,
name -> Weapons-latform-njame,
discr -> weapon-discr, J '

initiaLpo3ition-> platform...pos,
eqn-motion -> weapon-eom);

end loop; N K
newline;.7
put-ine"simulation begins......
starcsimulation(PDL-.time-jype(H-OUR));

end;
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4. Message and Port types

The message and port types represent the data that is transferred between processes via S

SADMT ports and the data that is communicated between platforms via SADMT cones.
SADMT defines three message types, and these correspond to the three types of outports of the
PIG. All three types are available to the SADMT user via the Cones.nPlatfoms package.
Nevertheless, three packages which conform to the SAGEN naming conventions are provided.
The renamed types are in the following packages:

------- Renamings of SADMT Packages ........

with Cones.j..Platforms; )

package Cone..Msg.pkg is

package wpEMp renames Cones..nPlatforms.Environ..Msg..pkg;

subtype Cone..Msg Is wP.EMp.ConeMsg;

package Pn renames WREMp.PDcone;

subtype Cone_.Msg.port is PD.T.port; •

subtype Cone_Msgipptr Is PD.TLjpptr; '-.-
subtype Conse..Msg.opptr is PD.T.opptr; . "%

end Cone..Msg.pkg;
with Cones.n.Platforms;

package EventMsg..pkg is

package wp..EMp renames Cones.n.Platforms.EnvironMsg.pkg; %

subtype EventMsg Is wP.EMp.EventMsg;

function endoLeqn motion return EventMsg A

renames wvEMp. end-oLeqnmotion;
function end-oflifetime return EventMsg

renames wpEMp.end.of-lifetime;
function "-"(I,r:EventMsg) return Boolean renames wP..EMr."-";

package PD renames WP..EMp.PDevent; %

subtype EventMsgport is PD.T.port;
subtype Event.Msg.ipptr Is PD.T.ipptr;
subtype Event.Msg..opptr is PD.T-opptr; '

end Event.Msg..pkg;
with Concs-nPlatforms;

package PlatformMsg.pkg Is

package wp...EMp renames Cones.nYPlatforms.Environ.Msgpkg; -

subtype PlatformMsg is WPEMp.PlatformznMsg; .,..e.

package iD renames wpEMp.PDplat;

subtype PlatformMsg.port Is PD.T-port; -
subtype PlatformMsg.opptr Is PD.T..ipptr;,0
subtype PlatformMsgopptr is PD.T.opptr;

end PlatformMsg-pkg;

UNCLASSIFIED
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The boolean type is used by the Timer process of the command post as an alarm signal, and
the time type is used to set the Timer process's alarm clock. The two Ada packages that define
the boolean and time message types and port types are given below

........ BOOLEAN.PKG --------

with PortDefiner-pkg, Cones-nPlatforms;
use Cones-nj'Platforms;
package Boolean-pkg Is

type Boolean-ptr Is access Boolean;

Boolean.debug-class: string(1..7):- "Boolean";
procedure put-msg(m:Boolean; indent:integer:-35);
package PD Is -

new PortDefiner-pkg (
Boolean,
puLmsg,
-BOOLEAN-,
Booleanadebug-class); 4

subtype Boolean-port Is PD.Tport;
subtype Booleaazipptr Is PD.T.ipptr;

* subtype Boolean-opptr Is PD.T-opptr;

end Boolean.pkg;
package body Booleanpkg is

procedure puLmsg(m:Boolean ;indent:integer: -35) is
use PDL..pkg.PDL._jO; use TXT-Jo;

begin
for i In 1..indent loop

put(' );
enh loop;
put("BOOLEAN- ");
If m then put("TRUE");
else put("FALSE");
end if;
newJinc;

end puc-msg;
end Booleanrpkg;

----------------------------------- TIME.YKG ----

with PortDefinerpkg, Cones.n...Platforms;
use Cones-nJPlatforms;
package Time-pkg Is

subtype Time Is PDL.pkg.PDLduration_type;

type Time.ptr Is access Time;

* Time-debug-class: string(1..4):- "Time";
S"procedure put.msg(m:Time;indent:integer: -35);

package PD is

new PortDefner-pkg(Time,put-msg,"TIME",Time.debug.class);

* subtype Time-port Is PD.T-port;
subtype Time-opptr Is PD.T-opptr;

6 4
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subtype Timeipptr is P:.T.Jpptr; P'.'NJO;

end Timo-pkg;
pakage body Timepkg is :>%:

procedure puLmsg(m:Time;indent:integer:-35) is

begin . ;'X..o,
for i in 1..indent loop

put(" );
end loop;
put("Time- ");
put(M);
new-fine;

end put-msg; ,~%~~

end Time-pkg;

Next we define an order as an enumerated type representing the defcon levels that a ground~~~station can broadcast to the platforms. The enumeration is (DEFCONI, DEFCON2, DEF- '.":

CON3, DEFCON4, DEFCON5, DEFCON6, DEFCON7). Also defined, in a separate package, ..-

is the type orderptr. The ConeDefiner.pkg package is instantiated with the order and orderptr . -.

types since orders are transmitted via SADMT cones. The definitions of order and orderptr are
separated to conform with the naming conventions of SAGEN. The packages Order-pkg and 0
Order..ptrpkg are given below: ";~%l

------- ORDERPKG ------ %

with PortDefiner.pkg, S
Cones-nPlatforms;

package Order.pkg Is
use ConesnJ.latforms; "

type Defense-status Is (DEFCON1, DEFCON2, DEFCON3, DEFCON4,

DEFCON5, DEFCON6, DEFCON7); .
type Order Is S

record.P
Initiator: string (1..7):- ".-";

order: Defense-status;
end record; ,f4p.

Orderdebug.class: string(1..5):- "ORDER";
procedure put-msg(

m:Order; 0
indent:integer: -20); *. *Y- ,

package PD Is new PortDefiner-pkg(Order, putmsg,Order-debug-class); o*

package Defense-status._o is .
newPDL.pkg.PDL.O.TXTJO.ENUMEATIONJO(Defense-status); -

subtype Order-port in PD. T.port; .
subtype Order-ipptr is PD.Tipptr;
subtype Order-opptr is PD.T-opptr; 0

end Order-pkg; .

package body Order.pkg is
procedure puL-msg( %

m: Order;
indent:integer:-20) is

use PDL-pkg.PDLJO; Use TXT_.O;

use Defense-statusio;
begin

for i in 1. -indent loop J- ,

7 6
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put(');
end loop;
put("Order: initiator-");
put.line(m.Initiator);
for i in 1..indent 3 loop

put(' );
end loop;
put("status-");
Defene...status-Jo.put(m. order);
newjine;

end puLtmsg;
end Order_pkg;

-------- ORDERPTRPKG ------

with Cones..n.Platforms,
Order.pkg;

package Orderptr.pkg Is
use Cones._n-Platforms;
use Order.pkg;

type Order.ptr Is access Order;
Command-Transmission: constant cone_designator-type

package cD Is new interface-procs.ConeDefinerpkg(Order,Order-ptr);

package CAST Is new Casting..Functions(Order, Order-ptr);
function cast-magic-ptr.into-order-ptr(ptr: In PDL.magic-ptr)

return Order-ptr renames cAsT.cAsT_magicptr_,To_T._ptr;
function cast-order-ptr-into.magic-ptr(ptr: In Orderptr)

return PDL.magic-ptr renames CAST. CAST_T_ptriNTo_magic_ptr;
end Order-ptr-pkg;

The target type is a record with latitude and longitude entries used by the Russian missile to
communicate target locations between its subprocesses. The packages Targetpkg and
latitude-n-longitude are given below:

-------- TARGET.PKG -

with PortDefiner-pkg;

package Target.pkg Is
type Target is record

latitude: float; -

longitude: float;
end record;

Target.debug..class: string(1..6):- "Target";

procedure putmsg( .
m:Target;

indent:integer:-20); r
package PD Is

new PortDefiner-pkg( '.
Target,
put_msg,
"TARGET",
Target-debug.class),

8
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subtype Target-port is PD.T..port;
subtype TargeL-ipptr is PD.Tjipptr;
subtype Target-sipptr In PD.T-sipptr;
subtype TargeLopptr is PD. T..opptr;
subtype TargeLsopptr 1s PD.T..sopptr;

end Target-pkg; 
0NP

indtteger:-20 Is JO

begin
forijIn L..indent loop

put("');
end loop;
put("Target: Latitude-");
put(in.ilatitude);
put(" Longitude-");
put(m.longitude);
newjine;

end puL-msg;
end Targepkg;

.... LATITUDE-N-LONGITUDE ------

* with Cones-.n-Platforms,
Vector..pkg,
Math;

5, package latitude-n~ongitude Is
use Vector-pkg;

Re: constant:- 6.378 1452-3
ConesJL.Platform.PDLunits...per-kiloneter;

function location (latitude, longitude: in float) return vector;
end latitudeji.Jongitude;

package body latitude...Jongitude is
use Math;

function location (latitude, longitude: In float) return vector is
pos: vector;
radjat: float: -latitude *Pt, 180.0;
radlong: float:- longitude Pi /180.0;

begin R o~ait o~ain)

S pos.y:- Re " cos(radJat) 0 in(radiong);

pos.z:- Re * sin(radlat);
return pos; 7z

end location; -a..

end latitude-nJongitude;

9
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The sensereq type is identical to the cone-type defined by SADMT. Thus, sense-req con-
tains 4 fields, a source-point, and indicator-point, a half-angle, and a blackout-radius. This
message type is used to specify the conical scope of a sensor scan. Once again the access type .-. .

sense.req-ptr is separate from the base type sense-reqpr. This is done to conform with the nam-
ing conventions of SAGEN. The packages Sense..Req.pkg and Sense..Reqptr_pkg are given
below:

........ ....SENSOR.EQ KG-

with PortDefiner..pkg,
Vectorpkg,
P OLpkg,
Cones-mPlatforms;

package Sense-Reqpkg Is

subtype Sense._Req is Conesn _Platforms.cone-type;

Sense_,Reqdebug-class: string(1..13):- "Sense-Request";
procedure put-msg(

m:SenseReq;
indent:integer:-20);

package PD is
new PortDefinerpkg(

Sense..Req,
putmsg,
"Sense-Request",
I ense..Req.debug..class);

subtype SenseReq.port Is PD.T.port;
subtype SenseReqipptr Is P.Tripptr;
subtype SenseReq..sipptr is PD.Tsipptr;
subtype SenseReq._opptr is PD.T.opptr;
subtype SenseReq.sopptr is PD.T-sopptr;

end SenseReq._pkg;

package body Sense.Reqpkg Is
procedure puLmsg(

m:Sense-Req;
indent:integer:-20) is N

use PDL.pkg.PDLIO; use TXTjO, FLTIo;
use Vector.pkg;

begin
for i in 1. .indent loop N-put(" ); %
end loop;
put("Sense Request: inidicator.pt-");
put.vector(m .indicator-point,0); "*
put(", source-pt-"); .

puLtvector(m.source-point.0);
putLine(',");

for i in 1..indent loop
put(" ); e.

end loop;
put("Half angle-");
put(m.halLangle);
put(", Blackout Radius-");
put(m.blackout-radius);
newJine;

end put-msg; N '

end SenseReq-pkg;

10
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----- SENSOR-1EQ..YTRLPKG -----

with Cones ni..Platforms,
Sense..Req-pkg;

package Sensejlcq-ptr.pkg Is
use Cones-n-Platforms;
use Scnse-Req.pko;

type Sense..Req..ptr Is access Sense-.Req;

Package CD IS
new interface-procs.ConeDefiner-pkg(Scnse-Req,Sense-Req-ptr); :

end Sense-Req..ptr.pkg;

%

%

%

% 4
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The SensorConepkg package defines two conedesignator.types. The Sensor-Cone is
used to distinguish a sensor's radar, and a SensorCone.Reflection is used to distinguish a radar U
echo. The package SensorCone-pkg is given below:

........ SENSORCONEPKG --------

with Cones-nPlatforms;

package SensorCone-pkg is
use Conesn.nlatforms;

Sensor-Cone: constant cone-designator.type
SensorConeReflection: constant conedesignator-type

end SensorConepkg;

The Platform_.DataReq.pkg defines an integer used as a signal to request information
about the current state of the platform from the PlatfonmDataTM. When the TM receives the
signal it computes the physical location, speed, velocity, mass, and so on, then this data is sent
over the output port in the form of a PlatformData type. These two message types are given
below:

........ PLATFORMDATAREQ.PKG --------

with PortDefinerpkg;

package Platform-Data..Req-pkg is
type PlatformData_.Req Is new integer;
type PlatformDataReq-type is access PlatformDataReq;

PlatformDataReqdebug-class: string(l..21):- "Platformdata.request";
procedure put msg(

m:PlatformData.Req;
indent:integer:-20);

package PD is
new PortDefiner-pkg(

PlatformDataReq,
puLmsg,
PlatformDataReq_'debug-class);

subtype PiatformDataReq-port Is PD.T-port;
subtype PlatformData.Req.ipptr is ID.T-ipptr;
subtype PlatformDataReq-sipptr is PD.T.sipptr;
subtype PlatformData.Req-opptr is PD.T-opptr;
subtype PlatformDataReqsopptr 18 po.T-sopptr; %

end PlatformDataReq-pkg;

with PD.pkg;
package body PlatformDataReq-pkg is

procedure put-msg(
m:PlatformDataReq;
indent:integer:-20) is

use PDL-pkg.PDLJO; use TXTJO, INTJO;
begin S

for i in 1..indent loop
put(" );

end loop;
put("PlatformDataReq-");

12
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new-line;
end put-msg;

end Platform-Data.Req.pkg;M

------------------------PLATFORM...DATA&PKG ----

with PortDeflner.pkg,
Cooes..n.Ylatforms,%
Vector..pkg;

package PlatformData-pkg is
use Cones-jij'Iatforms,

Vector..pkg;

type Platform-Data Is record
designator: platform-.designator-.type;
mass: float;
eqrnjnotion: eqIL-1otiorx-type;
current-eqn-motiofl.Jegment: eqn..motion-type;
when-arrived-.this..segment: float;
when-lcay ng-this..segwent: float;
position: vector;
speed: float;
velocity: vector;

end record;
type Platform..Data-.type is access Platform-Data;

Platform-.Data-dibug-class: string(l.. 13 ):- "Platforn-data";
procedure puLmsg(

m:Platfora.4)ata;
indent:integer:-20);%

package FD In
new Portffner.pkg(

Platform-.Data,
puLmsg,
Piatform-Dat&..debug-ciass);

subtype Platfornmflata-port Is PD.T..port;
subtype PiatfornL.Data-ipptr IS PD.T..Jpptr;
subtype PlatformLData-opptr is PD.Thopptr;

end PlatforuLData-pkg;

package body Platform-.Data..pkg Is
procedure put-msg(

m:Platform-Data;%
indent: integer: -20) is *

use PDL-pkg.PDLJo; use TxTjo, FLTJO, DURATIONJO, INTJO;
use Vcctor..pkg;
procedure put-indent(offset: integer) is
begin

new-iie;
for i in 1..ofrset loop

put(" ); -

end loop;%w%
end put-indent;
procedure put-eqrnjnot(

m :eqn-.motion-type;
indentvinteger) is

p: eqfL-notioltype-:-m;
i: integer;

13
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back..ptr: boolean:- false;
begin-

for j In l..indent loop
put('e)

end loop;Y
1:- 1;
put(i, 1);
while pi/- Dnloop

put-ndent(indent+3);
put("Position-");
putvector(m.position,O);
put-ndent(indent+3);
put("Delta time-");
put(m.delta.J,l);
back-.ptr:-true;
exit when p.back...ptrjilag;-
back-ptr:- false;
p:- p.next-rec;
exit when p - null;
put-ndent(indent);
i:- i+1;
put(i,1);

end loop;
put-indent(indent);
If back-ptr then

put-line("O"Back-ptr");
else

pul~ine("**NULL");
end If-,?

end put-eq...mot;
begin

for i In L.indent loop v

end loop;
put("Platform Data: )
puLindent(indent+3);
put("Designator-");S
put(m. designator.all);
put-indent(indent+3);
put("MaSs-");
put(m.mass);
put-ndent(indent+3); -

put-ine("Equation of Motion:");
put-eqnm-ot(m.eqL-motion,indent+6);
putjndent(indent+3);
put-ine("Current Equation of Motion Segment:");
puteqn-mot(m.current-eqtjotion.segment,indent+6);
put-ident(indent+3);
put("Arrived in Segment-");
put(m.when..arrived-this-segment, 1); %2*2
put-indent(indent+3);
put("Leaving Segment-");
put(m.whenxJeavingjhis.segment, 1);
put-ndent(indent+3); .

put("Position-");
put...vector(m. position,O);
put-indent(indent+3); ~.
put("Speed-"); O

put(m.speed);
pu~indent(indent+3);

put-vcctor(ni velocity,O);
newjine;

end puLinsg;
end PlatfornL.-Data-pkg;

14
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The TrackData..pkg package contains two basic data types. (1) Sensor,.ID is an integer
subtype for identifying sensor satellites. (2) Track-Data is a record consisting of a Sen.sor.ID,
the number of targets, and a pointer to a linked list of TrackDatarecs. This data type is
transmitted between sensor platforms; therefore, an access type and ConeDefinerpkg must also
be defined. The access type TrackData.ptr and ConeDefiner..pkg are defined in the package
Track-Data.ptrpkg. The TrackData-rec type is defined in the package TrackData.recpkg.
A TrackDatarec contains information about a single platform. It contains fields for the posi-
tion and the velocity of a platform along with a pointer to form a linked list. The access type,
TrackLData-rec-ptr is a pointer to a list of Track_Data.rec. The three package are given below:

----- TRACKDATAPKG ----

with PortDefiner-pkg,

TrackDatarec-ptrpkg;

package TrackData.pkg is
use TrackData..rec-ptrpkg;

subtype SensorjD Is integer;
type Track-Data is record

initiator: SensorOjD;
numberoLtargets: integer;
trackJist: TrackData_,rec-ptr;

end record;

TrackData-debug-class: string(1..10):- "Track-Data";
procedure put msg(

m:Track..Data;
indent:integer: -20);

package PD is
new PortDefinerpkg(

Track.Data,

puLineg,
"TRACK-DATA",
Track.Data-debug-class);

subtype Track-Data.port is PD.T.port;
subtype TrackJDataipptr is PD.T-jpptr;
subtype TrackData-sipptr is PD.T.sipptr;
subtype Track-Data.opptr is PD.T..opptr;

subtype Track-Data.sopptr Is PD.T.sopptr; .",.

end TrackData-pkg; S
with PDL.pkg;

package body Track.Datapkg Is
procedure put-msg(

m:Track..Data;
indent:integer:-20) Is

usle PDL,.pkg.PDLIO; Use TXTJO, INT_.O; "
begin

for i in 1..indent loop
put(' '); %

end loop; %
put("Track Data: initiator-"); %.1
put(integer(m.initiator),1); % .
put(" num.oLtargets-");
put(mr.numberfoLtargets, 1);
newjine;
Track-Data.rec-ptrpkg.put.msg(m.trackJist,indent+5);

end;
end Track.Datapkg;

1%
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--- -TRACK...DATA-PTRLPKG ----

with Track-Data-ec-ptr.pkg,
fTack..Data-pkg,
Coaes-a-M'atforms;

package Track-Data-ptr.pkg Is
use TrackJData-rc.ptr.pkg, Track..Data.pkg, Cones..n-.Platforms; '

type Track-Data-ptr is access Track-Data;
ScnsorJData-ransmission: constant cone-designator-typc

package CD is
new interface-.procs.ConeDefincr.pkg(

Track-.Data,
Track-Data-.ptr);

package cAsT is new Casting-Functions(Track-Data, ftack-Data.ptr);
function cast-magic-ptrinto.track-.data-ptr(ptr: In PDL..magicptr)

return Track-Data-ptr renames cAs.csTmagicptr-rtN..Tptr;
function cast-track-data-prJnto-magic-ptr(tr: in Track-Data-.ptr)

return PDL-magic..ptr renames cAsT.cAsTTptr-JNTo..magic-ptr;

end Track..Data.ptr.pkg;

---- TRACK..DATAJ1ECY-KG ....

with PortDcfiner-pkg,
Vector-.pkg,
Cones.JLYiatforms;

package Track-Data-rc-ptr.pkg Is
use Vector..pkg, Cones-jt-Piatforms;

type Track...Data..rcc;
type Track...Data...zc-.ptr Is access Track..Data..xcc;
type TracL-Data..rec Is record

position: point-type;
vciocity: point-type;
next-rec: Track.Data..rec..ptr;

end record;

Track...Data...recc.ptr..debug..class: string(l..18):.- "Track..Data.Pointer";
procedure puLmsg(

m:TrackJData...rec-ptr;
indent:integcr:-20);

package PD IS
new PortDcfiner..pkg(

Track-.Data-rc-.ptr,
put-Msg,
"TrACK..DATAYPOINTER",
Track-Dats-rc-.ptr-debug.class);

package CD is
new interface..procs .ConeDefincr-pkg(

Track...Data-.rcc,
Track..Data...xccptr);

subtype Track-Data-rec-ptr-port Is PD .T..port;
subtype Track..Data-reccptr-ipptr Is Pi.T-ipptr;
subtype Track-Data-rcc-ptr-sipptr 1s PD.T-sipptr;
subtype TrackData-rc-ptr-opptr IS PD .L.opptr;
subtype Track...Datarec-ptr..sopptr IS PD.r..sopptr;

16
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package CAT Is 
UCASFE

new Casting.Functions(Track-Data.rcc, TrackJData-rec-.ptr);
function casLmnagic..ptrjinto-track-data-rc-ptr(ptr. in PDL-magic..ptr)

return Track-.Data...c..ptr
renames CAST.CASTMagc.ptr.JNTO..T.ptr;

function casLtrack-datarec-ptrito-.jagic-ptr(
ptr: In
Track-.Data.xec-.Ptr)
return PDLmagic..ptr renames cAsT.CAsTTpt.NTo~.J2agicptr;

function new-.track-data-rec return Track..Data-.ic-ptr; -
procedure frcc...trackdata..xec(r: in out Track-.Datarec..ptr);
procedure free..tracXdat4aJist(r: In out Track.Data-.rec..ptr);

end Track.JData-rec-ptr.pkg;

package body TrackData-rec-ptr-pkg Is

global-store- Track..Data-rec-ptr:- null;

procedure putnlsg(
m:Track-Data-ric.ptr;
indentcinteger:.ZO) is

use Cones.Ja-latforMS.DL.Pkg.PDI-JO; Use TXT-1O, JNT.JO;
mse Vector..pkg;

p: Track-Data-rec-ptr: - n;
i: integer;

beginr
for j in l..indent loop

put(" );
end loop;
puUine("Track..Data-rec-ptr. data-");

while p1/- null loop
for j in L. indent+3 loop -P

put(i); put(": position/velocity-");
put-vector(m.position,O); put('1);
put...vector(m.veiocity,O);
new-line;
p:- p.zlext-rcc;

end loop;N%
fer I..indent loop

end loop;%
put-ine(""NULL end track..data-.reccptr");

end putnisg;

function new..track..data~rec return Track...DatL..rec..ptr is
new..rcc: TracL.Dat&..ec-ptr:- null; 4

begin%%
if global-store - null then

new...ec.: - new Track-.Data-rec;
else

ncw..jec: - globaLs tore;
globaLstorc: - globaLstore-next-rec;

end It;
new-rec.ncx~rec: - null; %~ ~
return newjcec; u~"

end new-track-data-rec;

procedure fre.track-data-jcc(r: in out Track-Data-rec-ptr) Is
begin

If r /- null then
r.next-.rec:- global store;
globaLstore: - r; ~

17
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r:- null;
end if;
return; P

end free-track.data-rec;

procedure free-track-data.list(r: in out Track..Data.,rec-ptr) Is
follower: TrackData-rec-ptr:- r;

begin
If r/- null then

while follower.nexLrec /- null loop
follower:- follower.next-rec; r

end loop;
follower.next_rec:- globaLstore; -"

globaLstore:- r;
r:- null;

end it;
return;

end free-track-dataJist;

end Track.data._recptr..pkg;

The next package does not define message types or port types; however, it is useful when
printing the value of spatial vectors. The package VectorIO defines the procedure put. Put out-
puts a vector as the latitude, longitude, and height above the surface of the earth. The package is
given below:

------- VECTORIO 0 ------
I

with Vector-pkg;

package Vector.jo Is
use Vectorpkg;

procedure put(
v: vector;
fore: integer:- 4;
aft: integer:- 3;
exp: integer:- 0);

end Vectorjo;
with PDL-pkg,

Latitude.nLongtude, %:

Cones-nPlatforms, p
Math;

package body Vectorjo Is
use PDL.pkg.PDLJO.TXTJO,

Pll.pkg.PLjO .FLTJO,
Math;

minJen: constant:- 0.0001
Latitude-nLongitude.Re;

procedure put(
v: vector;
fore: integer:- 4;
aft: integer:- 3;
exp: integer:- 0) Is

lat: float;
long: float;
height: float;
temp: float;

begin
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Illength(v) < in-n.en then
put("(Center of the Earth)");
return;

end If;
lat:- arcsin(v.z/Iength(v));
temp: - sqrt(v.xv.z + v.yv.y);
Kf temp - 0.0 then

long: - 0. 0;
elke

long: - arCsin(V.ylteMP);
end If;
height: - Iength(v) - Latitude.-t..Longitudc. Re;
lat:- lat * 180.0 / Pr; ...
long:- long 0180.0 / iFi;

if v.x < 0.0 then
long: - 180.0 -long; 

1ebsf v.y < 0.0 then

long:- long + 360.0;
end If;
height:- height / Cones.Jt.PlatforMs.I'DL-Junits-.per..klometer;
put(*(lat - ");
putoat,forc,aft,exp);%
put(" deg.,long- ");
put(long,fore,alt,exp); . %

put(' deg.,hgt - ");
put(height,fore,aft,exp);
put(" km.)");

exception
when others -

put-inc("An untrapped exception occurred in" &
"VectorjIO.put."); W

en;raise;

end Vector~jo;

%. ,
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5. SDSO BM/C 3

The following SAGEN code defines the BM/C 3 processes of SDSO. Figure 5-1 through
Figure 5-4 illustrate the SADMT process architecture of the system. Figure 5-1 through
Figure 5-3 show the architectures of a Command-Post, WeaponPlatform, and Sensor-Platform,
respectively. Figure 5-4 shows the next-level decomposition of the SensorPlatformProcessing
process form the Sensor-.Platform platform.

Command Post Platform

Command Post Platform Processing

Start < ' "rime Su Processor
timer timer

Timer
Recv

Souind Timer -> > sensor"'
alarm Alarm alarm Send

Status/ m. nsor Msg -

V ~Order

data Xmit

Comm
TM
Wave

in
A-

ave msg

Bemings

PIG "

Figure 5-1. Command Post Architecture.
.]
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----- COMMAND POST ------

-- Command_Post Platform Description

-DESCIPTION

- The Command Post (CP) enables the system (by sending an "at war"
- message) once it hears about any targets. It disables the system •

(by sending an "at peace" message) after hearing about zero
targets for more than an hour.
The CP sends one of these messages to all satellites every 10 seconds. %

- On a peace-to-war transition, a message is sent immediately. ,

PLATFORM SPECIFICATION

$platform CommandPost: - Command-Post Is

$parameter cpid: string(1..7):- ("-CP-");

Saubproees CommandPostProcessing:- (CPjd),
GroundStationCommunicationTm:- (cpjd); -

The PIG is a predefined subprocess of every platform S

$subdata Order, Track-data, Conemsg;

Send;

PORT LINKAGES

with SensorCone-Responsemt_.pkg; -, -.
Slinks Command-Post Is

Sbegin

Exclude the Radar Return TM
exclude-dyn-module(MysELF,

SensorConeResponseTM-pkg.SensorConeResponse_rTmdesignator);

- Connect Command-Post to GroundStation._CommunicationTM
internal-link (Command-PostProcessing.Sendstatus.msg,

GroundStation-CommunicationM .Order.xmit);
internal-link (GroundStationCommunication-M.Sensordatarcv, %

CommandPostProcessing.Recv-sensormsg); -
Connect PIG to GroundStationCommunicationTM

internaljlink (Pxo.Beamings,
GroundStation-CommunicationTM.Conejn); , '

Send;

- PROCESS SEMANTICS
- The semantics of this platform are defined within its subprocesses.
- Older versions of Sagen required the $task, this one doesn't

- Command-PostProcessing Process

- PROCESS SPECIFICATION .

$process CommandPostProcessing is

Sparameter cp-id: string(1..7):- ("-CP--");
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$Inport Recv-sensormsg: Track-data;

$outport Send-statusmsg: Order;

$subprocess Processor: - (cP.id),
Timer: - (cr.id); 5;

Ssubdata Time, Boolean;

Send;

-PORT LINKAGES

$11nks Command.PostProcessing Is

Sbegin

Connect Processor to parent (CommandPostProcessing)
inherited-link (Recv.sensormsg,

Processor. Recv.sensormsg); , , '

inherited-link (Processor.Send.statusmsg,
Send-statusmsg);

- Connect Processor to Timer
internaLl-ink (Processor.Start-timer,

Timer.Start-timer); •
internal-link (Timer.Sound-alarm,

Processor.Timer-alarm);

Send; 4,%

- TASK SEMANTICS
- The semantics are defined in the subprocesses Processor and Timer.
- Older versions of Sagen required the $task, this one doesn't

- Processor Process , 4

- PROCESS SPECIFICATION 4%

$process Processor Is

$parameter cP-id: string(1..7):- ("-CP-");

$inport Recvsensornmsg: Track-data,
Timer-alarm: Boolean;

$outport Sendstatusmsg: Order,
Start-timer: Time; .

4 Send;

- PORT LINKAGES '.4
- There are no port linkages within this process .

Older versions of Sagen required the Slink, this one doesn't

- TASK SEMANTICS

$task Processor Is -. '

Status: Order;
Last-target-time: PDL-time-type;
Targets-detected: Boolean;
Sensorinfo: Track-data;

sec: constant:- PDLticks.perrsecond;
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min: constant:- 60 PDL...ticks-per-second;

Sbegin

-Start at peace
Status.Initiator:- cPid;
Status.Order:- DEFcoN7;

Send status to all satellites
Emit (Sendstatus.msg, Status);

- * DEMO MSGS *

If CurrenLdebug.level > 20 then
Put (cP.id);
Put (" broadcast status ");
If Status.Order - DEFCONI then

Put ("war.");
elsif Status.Order - DEFCON7 then

Put ("peace.");
end If;
Put (" T-");
Put (CurrentPL..time);
New-Jine;

end if;
- * DEMO MSGS

Start the 10 second timer
Emit (StarLtimer, 10*sec); %

loop

If no msgs are waiting, then
If (PorUength (Recv.sensor.msg) - 0) AND S

(Port-length (Timer-alarm) - 0) then

- Wait 10 sec to send next status msg or
- until msg arrives from sensors
Wait-for-activity;

else

If any msgs arrived from the sensors, then
If Port-length (Recv.sensor.msg) > 0 then

Check to see if any sensors report targets N
Targets-detected:- FALSE;
for i in 1..Portlength (Recv.sensor-msg) loop

Sensor-info: - PorLdata (Recv.sensor.msg);

__ ** DEMO MSGS*.
If Current-debugJevel > 20 then

Put (cpjd);
Put (" recvd msg from sensor");
Put (Sensor-info. Initiator); .' .

Put ("; ");
Put (Sensor.info.Number_oLtargets); ,y%
Put (" targets detected.");
Put ("T-");
Put (Current..PDLtime); %

Newjine;%
end if;

• ** DEMO MSGS *

Consume (Recv.sensor.msg);
if Sensorinfo.Number-of-targets > 0 then

Targets-detected:- TRUE;

23 
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end If;
end loop;

If any sensors report targets detected, then
f Targets-detected then

- If status had been peace, then change to war
if Status.Order - DEFCON7 then

Status.Order: - DEFCON 1;

Send status msg to all satellites
Emit (Send-statusmsg, Status);

- *** DEMO MSGS *0
if CurrenLdebug.Jevel > 20 then

Put (cPid);
Put (" broadcast status ");
Put ("war.");
Put (" T-"); t'

Put (CurrenLPYDLtime); ,.
New-line;

end If;
** DEMO MSGS *

Record the last time targets were seen
Lasetargettime: - CurenLPDL-time;

end If;
end it;

else
Timer must have gone off

- Remove the Timer msg from the queue
Consune (Timer-alarm);

Send status msg to all satellites
Emit (Send-statusmsg, Status);

*** DEMO MSGS **-

f Current.debug..level > 20 then
Put (cPid);
Put (" broadcast status ");
if Status.Order - DEFCON1 then . r

Put ("war.");
elsifStatus.Order - DEFCON7 then

Put ("peace."); ,',
end if;
Put (" T-");
Put (CurrentPDL.time);
New-line;

end if;
- *** DEMO MSGS *

end If;

-If at war and no targets are detected for 1 hr, then '.

- return to peaceful status.
If Status.Order - DEFCON1 then

If CurrenL.DLt.ime > Last.target-time + 60*mrin then
Status. Order: - DEFCON7;

end if; ..

end if;
end if;

end loop;
exception

when others -> PutJine("**Some error in Processorinit"");
Send;

".
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- Timer Process

-PROCESS SPECIFICATION p~

$process Timer is

$parameter cpjid: string(1. .7):- ("-CP-");

Sinport Start-.timer: Time;

Soutport Sound-alarm: Boolean;

Send;

- PORT LINKAGES
- T-here are no port linkages within this process
- Older versions of Sagen required the Slink, this one doesn't

- TASK SEMANTICS

$task Tumer Is

Interval: Time;
Wake-up: constant Boolean: - TRuE; *

$begin -

wait-for-.activity;
Interval: - Port-data (Start-timer);
consume (Startmer);

loop

wait (Interval);
emit (Sound-alarm, Wake-up);

end loop;
Send;

1%

.

25
UNCLASSIFIED



UNCLASSIFIED

---------------------------WEAPON PLATFORM---

- Weapons-latform Platform Description

-DESCRIPTION

- The Weapons Platform (WP) listens to each incoming message.
- If it is a command message, the WP gets the
- current status from it. Only if it is at war does the
- WP process messages from the sensor satellites. Furthermore, the WP
- is concerned only with non-relayed sensor messages.

- For each Message processed, the WP finds the target with the highest
- probability of kill (Pk). If that Pk is higher than some minimum, it
- shoots that target.

Weapons Platform

Weapons Platform Processing

Recv Recv Recv
Request VI sesr sau

wp Fire

data ta M ORweapon

Senso 
Statu

I djat nis M.1 arget vector

zoesor Order
Data data

Motion Req ou Snii Target Collision
TM in xi nT

Comm

Event Platform Data TMA Weapon Collision

in TM iav T
A in

Event mis Wave ms ollision msg

Events Beamings Collisions

PIG 5

Figure 5-2. Weapons Platform Architecture.
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- The WP does not bother to count its remaining KEWs; it keeps playing
- the game even after it has exhausted its supply.

- PLATFORM SPECIFICATION
$platform Weapons-.Platform:- Weapons-.Platform Is

Sparameter wpjd: string(I..7):- ("-VIP-");

$subprocess Weapons-Ylatform..Yrocessing: - (wp.id),
Kv..Weaponirm:- (- d

Weaponsj'Iatform..Communicationm:- (wpjd),
PlatformDataTmt:- (wr-jd),
Orbit-Equation.OL.Motion-.m:- (WPid);
- The PIG is a predefine i subprocess of every platform%

Ssbdata Vector, Order, Track-data, Platformdata-req, Platform-data,
Cone.msg, EverlLMsg;

$end;

-PORT LINKAGES

with Sensor-Cone-Response-m-pkg;
Slinks Weapons.J'latform is
$begin

- Exclude the Radar Return TM
exclude-dyn-module(mysELF,

Sensor-Cone-Response..m-pkg.Sensor-ConeJesponse-m-designator);

-Connect Weapons-.Platform..Processing to KKV..WeaponJTM
internaUink (Weapons-Ylatform-Yrocessing.Fire..weapon,

mov..Weapor-Tm.Target-in),

- Connect Weapons-Platform Communication-TM to
- Weapons-latform..Processing
internal-link (Weapons-Platform-.CommunicationTM.Sensor-data-rcv,

Weapons-latfortrocessing.Recv-sensor.msg);

internal-ink (Weapons-latforuLCommunicationTm. Order.xcv,
Weapons..Platfonn...Processing.Recv.status..msg);

-Connect Wcapons-latform-Yrocessing to Platform-Data.TM%.-I
internal-ink (Weapons-Platforin-rocessing.Requeswpdata, 1,%

Platform..Data..Mt.Req-in);

internal-ink (Platform-Data.TM. Data-out,
Weapons-latform-.Processing.Recv.wp.data);

-Connect PIG to Weapons-Platform..Communication.TM2 intensal-ink (PiG.Beamings,
Weapons-Platform-Communicatiot.TM. Cone-in);

-Connect PIG to OrbiL-Equation.OLMotion.TM
internal-ink (Pio. Events,

OrbiL-Equation..OLMotion.Jm.Event-in);%

$end;

- TASK SEMANTICS
- The semantics of this platform are defined within its subprocesses
- Older versions of Sagen required the $task, this one doesn't
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WeaponsPlatformProcessing Process
za

I

THIS PROCESS USES

Procedure, Find.Pk, to determine probability of kill.
Function, Aim, to determine the vector for firing the weapon.

SIMULATION TIME USED

The computing time for this algorithm is (3 + 0.2/target) seconds.

PROCESS SPECIFICATION

$technology.module Weapons-PlatformnProcessing Is ,

Sparameter wpid: string(1..7):- ("-WP-"); -'

$lnport Recv._sensor-msg: Track-data,
Recv...status.msg: Order,
Recv.wpdata: Platform-data;

$outport Fire-weapon: Vector,
RequesLtwp-data: Platform-data.req;

Send;

- PORT LINKAGES '

-There are no port linkages within this process
- Older versions of Sagen required the Slink, this one doesn't

- TASK SEMANTICS

with Track.data.rec-ptr-pkg,Vectorjo; K
use TracLdata-recptr.pkg,Vector_.o;
$task Weapons-Platform._Processing is

Status .msg: Order; -'

Status: Defense-status;
Sensor.info: Track-data;
Pk: Float:- 0.0;
Pk-max: Float:- 0.0; .
wp.data: Platform-data;
My-position: Vector;t.
Best-target: Track..data._rec-ptr; .,

Current-target: Track..data.rec-ptr;
Target_vector: Vector;
Seed: Integer:- 15;

Pkmin: constant Float:- 0.2; " ."

sec: constant:- PDL.ticks.per.second;
kin: constant:- PDLJunits.per-ilometer; 4
procedure FindPk (

Target: In Track-data-rec-ptr;
Pk: out Float) is

procedure Rand (Seed: In out integer; Num: out float) is
- Returns a float proportional to the random integer
-in the range 0.0 .. 1.0.
A: constant:- 13849;

m: constant:- 65536; P
c: constant:- 56963;

begin
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Seed:- (seed * A + c) mod M;
Num:- float(seed) 1.52587890625E-5;

end rand;

begin
if Length (My-position - Target.Position) > Float(4500"km) then

Pk:- 0.0;
else

Rand (Seed, Pk);
end If;

end Find.Pk;

function Aim(
Target: in TrackData.rec-ptr;
My-position: in Vector)

return Vector is

intercept.point: vector;
new-target.position: vector;
distance: float;
deltat: float;
delta..d: float:- 1.0;

begin

new-target-position: - target. position;
while delta-d > 0.00001 loop

intercept.point:- new-targeLposition;
distance:- length(intercept-point - mypositi,);
delta._t:- distance / (5.0 * Float(km/sec));
new.targetposition:- target.position + (deltat * target.velocity);
delta.d:- Length (new-target-position - intercept-point); .

end loop; " %
return intercept-point; SW

end Aim; /.

Sbegin

Start at peace
Status:- DEFCON7; %

loop

If no msgs are at any ports, then wait for msgs to come in
If Port..ength (Recv-statusmsg) - 0 AND

Portlength (Recvsensormsg) - 0 then S
Wait-for-activity; .

else
If a status msg has arrived, then update the status C..

If PortJength (Recv_.statusmsg) > 0 then
Status.msg:- Port.data (Recv.status.msg);
Consume (Recv.status-msg);
Status: - Status..msg. Order;

DEMO MSGS
if CurrenLdebug.Jevel > 20 then

Put (wrid);
Put (" recvd status );
If Status - DEFCON1I then %

r,, ("war");
elsif Status - DEFCOW7 then

Put ("peace");
end if;2S
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Put(" from")
Put (Status.msg.Initiator);
Put (". T-");
Put (Current'DLtime); d

New-fine;
end if;
- *** DEMO MSGS

end If;

If a sensor msg has arrived, then
If PorUength (Recv_.sensor.msg) > 0 then
Sensorinfo: - Port..data (Recvsensormsg);
Consume (Recv.sensormsg);

I-- Ithe msg came directly from a sensor (i.e., not a relay) AND
current status is DEFCON1, then

it (Sensor-info.Track-list /- null) AND (Status - DEFCON1) then

*** DEMO ***

Get rid of the extra sensor msgs
for i in 1..Portlength(Recv-sensor msg) loop

Consume (Recvsensormsg);
end loop;

S** DEMO **

If any targets were detected, then
if Sensor-info.NumberoLtargets > 0 then [' .

- Get the current position of the Weapons Platform
Emit (RequestwP.data, 0);
Wait-for-activity ((l->Recv.wPpdata.Port));
w-data:- Port-data (Recvjwp..data);
Consume (Recv-wp.data);
My.position:- wpidata.Position;

Pick the best target
Pk-max:- 0.0;
Current.target:- Sensorinfo.Track-list;

while (CurrenLtarget /- null) loop ,
FindPk (Current.target, Pk);
If Pk > Pkmax then

Pk-max:- Pk; o
Best-target: - Current.target;

end If;

Get the next target
Current-target:- Current-target.Next-rec;

end loop;

If the Pk is acceptable, then
If Pk-max >- Pk.min then

Aim at the selected target
TargeLvector:- Aim (Best-target, My-position);

'I.. *

Shoot at the target % .
Emit (Fire-weapon, Target-vector);

* DEMO MSGS *00
if Current-debug.Jevel > 20 then

Put (wp-Jd);
Put (" fired weapon toward target at ");
Put (Target-vector);
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Put (". T-");
Put (CurrentJ'DL-iMe);
New-line;

end It;
- ** DEMO MSGS m

end if;
end IW;

end If;-
end if;

Wait (sc.l2);
end ff;

end loop;
exception

when others - > write-processull(mysELF,"**Some error in %
Send;

Y0

% '~
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--------------------------SENSOR PLATFORM---

- Senaorlatforns Platform Description

-DESCRIPTON

-The sensor platform scans the world and sends reports (to everyone)
-about all detected targets. (Messages are sent regardless of whether

-targets are detected or not. It also rebroadcasts summaries of Z
-sensor messages originated by sensors of higher sensor-rn.

-PLATFORM SPECIFICATION

Splatfarm Sensor-Platform: - SesrPafr Is

$parameter sp-id: string(l..7): - ("-SP-");7-

$subprocess Sensor-latforn.Yrocessing: - (sP-id),

Sensor Platform

Sensor Platform Processing

Recv Recv Reev

kequest SP Send seorSnrLSP sensor 5CSt Employ Sno

tam A sensor

tform nso.r ensor

t a s g e

V Data sensor Sensor
Req ou aa data Sense daa Collision

oin daa xsit cmd daaTMrecvCOMM Sensor
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Figure 5-3. Sensor Platform Architecture.
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Sensor Platform Processing
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-Connect Sensor-latform...Processing to PlatformData3TM
internal-link (Sensor-Platform.Yrocessing. RequestsP.data,

Platform-Data...m.Req-in);
internal-ink (PlatfornLData-TM.Data.out, .t~

Sensor-Platform-Processing.Recv-spdata);

-Connect PIG to Sensor-Satellite.Communication.TM
internal-ink (riG.Beamings,

Sensor-Satellite.Communicationm. Cone-in);

-Connect PIG to Sensor-Device.TM
internal-link (Pta. Beamings,

Sensor-Device..TwCone-in);

Send; ~

- TASK SEMANTICS
- The semantics of this platform are defined within its subprocesses. ~
- Older versions of Sagen required the $task, this one doesn't

- Sensor.J'Iatform...Procesaing Process

- PROCESS SPECIFICATION

$process Sensor-PlatformxProcessing Is

$parameter spid: string(l..7):- ("-SP-");

Sinport Recv-.sensor-info: Track-data,
Recv-.sensor msg: Track-dAata,

* Recv-sp..data: Platfornt-data; -

Soutport Employ-..sensor: Sense-req,
Send-sensor.msg: Track-.data,
Request-sp..ata: Platform..data..req; .2 -

$subprocess Sense:- (sp-id),
Relay: - (srjid); I

Send; ft

PORT LINKAGES ~ ttff

$links SensorJ'latform..Proccssing Is "

$begin

-Connect Sense to parent (Sensor-PlatformJProcessing)
inheritedjlink (Recv-sensor-info,

Sense. Recv-.sensor-info);ftt
inherited-link (Sense. Employ-.sensor,

Employ-.sensor);
inheritedJnk (Recv-.sp-data,

Se v.Recv..sp-data);
inherited-..%it (Sense. Request-sp.data,

R- ,uest-SP-data); -

inheritedjlink (Sense.Send-sensorjnsg,
Send-sensor..msg);

-Connect Relay to parent (Sensor..Platfornt.Processing)
inheritedjlink (Recv-sensorjnsg, 5t

Relay. Recv-sensor-jnsg);s.
inherited-link (Relay Send..sensor..msg, ,
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Senc-sensor..msg);
Send;

- TASK SEMANTICS
- The semantics are defined in the subprocesses Sense and Relay

- Older versions of Sagen required 
the $task, this one doesn't

- TASK SPECIFICATION

Sprocess Sense Is

$parameter sp-id: string(1. .7):- ("-SF-");

Sinport Recv..sensor-info: Track-data,
Recv...sp-data: Platform-.data; '1

Soutport Employ-.sensor: Sense-req,
Request-sp..ata: Platform-.data-req,
Send-sensor msg: Track-dAata;

Send;

- PORT LINKAGES
- There are no port linkages within this process -

- Older vtr sions of Sagen required the Slink, this one doesn't

- TASK SEMANTICS

with Vector-pkg;
use Vector-pkg;
$task Sense Is I

My-position: Vector;
Sense-.area: Sense..req; ,

Sensor-inio:. Track-data;
My-id: Integer: - 0;
sec: constant: - FDL-tickL..per-second;

function Get-int-id (Id-string: string) return Integer Is
begin

ease Id-string (7)lIs
when 1'-> return 1;
when '2'-> return 2;
when '3'-> return 3; 0
when '4'-> return 4;%
when others -> 0%

Put-line ("*** ERROR -Sense found incorrect id");
return 0;

end case;
end Get-nt-id;

$begin

loop

-Get the current position of the Sensor Platform
Emit (RequesL-sP.data, 0);
Waitjfor-activity ((I - >Recv-sp-data. Port));

SP..data: - Port-data (Recv-.sp-data);
Consume (Recv-sp-data);
My-position:- sr-data. Position;
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- Set the current sense location
- Sense-area.Axis:- (0.0, 0.0, 0.0) - My-position
- (0.0, 0.0, 0.0) - destination;
- Sense-area.HalLangle:- 360.0;
- Sense-area.BlackouLradiuse- 0.0;

- Send a msg to the sensor module requesting sensor data
Emit (Employ-sensor, ((0.0,0.0,0.0), (0.0,0.0,0.0), 360.0, 0.0)),

Wait for the sensor data to be returned
Wait.for-activity ((1- > Recv-sensor-info.Port));

- Read the data from the port
Sensor-info:- Port-data (Recv-sensor-info);

- Remove that msg from the port queue
Consume (Recv-sensor-info);
end if;

Complete the message by assigning the sensor id
My-id:- GetinLjd (sPid);
Sensor-info.Initiator:- My.id;

Send the msg .?
Emit (Send-sensor-msg, Sensor-info);

__ ~DEMO MSGS *
if Current..debug.level > 20 then

Put (sp-id);
Put (" sent sensor msg; ");
Put (Sensor-info.NumberoLtargets);
Put (" targets detected.");
Put ("T-");
Put (CurrenLPDL._time);
Newjne;

end if;
** ~DEMO MSGS*- 5

Wait (2*sec);
end loop;
exception

Putline("**Some error in SPP-task**");
Send;

-- Relay Process

- PROCESS SPECIFICATION '. ,

$process Relay is

$parameter sF-id: string(l..7):- ("-SP-"); :

$1nport Recv-sensor.msg: Track-data; :

$outport Send-sensor.msg: Track-data; ' '

Send;

- PORT LINKAGES
- There are no port linkages within this process
- Older versions of Sagen required the Slink, this one doesn't

- TASK SEMANTICS
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Stank Relay Is

Sensormsg: Track-data; S
My/d: Integer:- 0;
Initiator: Integer: -0;

sec: constant:- PDL.ticks-per-second;

function Get-int-id (Idstring: string) return Integer Is
begin

case Id.string (7) to
when'' -> return 1;
when '2' ->return 2;
when '3' -> return 3;
when '4' -> return 4;
when others ->

Put.line ("*** ERROR - Relay found incorrect id");
return 0;

end case;
end Getint..id;

$begin

loop

My.id:- Getintid (sPJd);

If no sensor msgs have arrived, then wait for them.
if Port.length (Recv.sensor.msg) - 0 then

Wait.J.oractivity;

else _
-If a sensor msg has arrived from another platform, then
if Port-Jength (Recv_.sensor-msg) > 0 then

Read the msg from the port
Sensor-msg:- Port-data (Recv-sensormsg);

Remove that msg from the queue
Consume (Recv.sensor-msg);

If the id of the msg initiator is higher than my sensor id

If Sensor.msg.Initiator > My-id then

Sensorjmsg.Initiator:- MyJd;
Sensor..-sg.TrackJist: - null;
Emit (Send-sensor msg, Sensor-msg); 0

end If;
end If; - -

end if;

Wait (1sec);

end loop;
exception

Send;

a'%.'N
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6. Threat Architecture

The threat architecture is a RussianMissileBasePlatform that launches one missile every
twenty seconds. The missile description is given in the RussianMissilePlatform code. Basi-
cally, the missile is launched from the missile base by the RussianMissileLauncher. The
launcher computes the target and the trajectory of the missile, and then creates a missile plat-
form with the given trajectory.
The RussianMissilePlatform contains two technology modules. One module returns sensor
echos when beamed by a sensor, and the other module determines the result of collisions.

--........ RUSSIANMISSILE.BASE.PLATFORM ------

$platform RussianMissile...BasePlatform:-RussianMissile-Base is
Subproceuses RussianMissile-.LauncherTm:- (id), RussianMissile..Base.jmc3:- (id);
Sparameter id:string(1..7):- ("R..BASE ");
Scubdata Target;

Send;

with SensorConeResponseTm-pkg;
Slinks RussianMissileBasePlatform is
$begin

internallink(Russian.issile.BaseBMc3.target.out, W.
RussianMissileLauncherTm.target.in);

exclude-dyn-module(MYsELP,
SensorCone_.ResponseJTMLpkg.SensorCone.ResponseTm-designator);

exception
when others -> puUine("***Some error in RussMissBasePlatinit*");

Send;

.------ RUSSIANMISSILE..BASEBMC3 ------

Sprocess Russian._MissileBaseBMc3 Is ,t
$outport target-out:Target;
$parameter platform-id: string(1..7):- ("- ");

Send;

with math, random;
use math, random;

a$task RussianMissileBaseBMc3 is
targelat: float;
target.ong: float;
seed: integer:- 21;
m!siLE..ijMrr: constant: - 20;
SECONDS: constant:- PDLticks-per-second;

$begin
for i in 1..MISSILE..MTr loop

rand(seed,targetjat);
targeUat:- target..at 0 15.0 + 30.0;
rand(seed,targetJong);
targetlong:- targetlong 0 45.0 + 240.0;
emit(target-out,(targetJat,targetlong));
wait(PDL.duration.type(20 0 SECONDS));

end loop;

exception
when others -> put-line("*"Some error in Russ.MissBaseBMC3_TM-task"***);
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Send;

-----RUSSIAN.MSSILE...LAUNCHERJFM

Stechnology..module Russian..Missile..Launcher-rm is
Sluport target-in:Target;
$parameter platformj-d.-string(l. .7):- (-)

Send;

with Vector-pkg,
VectorJO,
Math,
RusSian-Nissile-latform..pkg,
Iatitude..nJongitude;

use Vector-pkg,Vcctor-jo;
$tak Russian...Missile..Launcher.m Is

use Russianjviissile-.Platform pkg,
Russiazt.Mssile-latform.CR..pkg,
latitude.nUongitude,
Cones-....Platforms .eqn-motion.pkg;

use Russian..Missile-latform-'ARAm..pkg;
use Math;
SECONDS: constant:- PDL-ticks..per-secoa&;
ICM: constant:- PDLJunits..perL.kilometer;
current-target: Target;
my.Jatitude: constant: - 55.81180. 0 * Pi;
myjongitude: constant: - 37.9/180.0 *pi;
mu: constant:- (3.98633F5 * (KM ** 3)) 1 (SECONDsS SECONDS);

missile..eom: eqnL.motion-~type;
next-eom..rec: eqIL-motiolL-type;
init-pos: Vector;
temnp: float;
flight-time: float;
deltajt: PDLduration-type;
target-site: Vector;
normal: Vector;
perigee: Vector;
inclination: float;
omega: float;
phi: float;
xref, yref: float; .J.
delta-1: float;
v..min: float;
gamnma: float; 1

axis: float;
eccentricity: float;
mean-mnotion: float;
theta: float;
E, sian.oLE: float;
tau: float; '
All, A12, A13: float:
A21, A22, A23: float;
c I, c2: float;%
mean-anom: float;
Ecc..Anom: float;%

missile..num: integer:- 1;

$begin
init-pos:- location(myjatitude, myJongitude);
temp: - length(init-.pos);
temp:- (temp + I.OPKMG)IteMp;
init-pos:- init-pos temp;
loop " P
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wait-for-.activiy((l->targetjn.Port),StartTime -> 0);
current-target :- port-data(targe~n);
consume (target-in);
targeL-site: - Iocation(current-target. latitude,

current-target. longitude);
If current-debug.-level > 10 then

put("("); put(platfornmjd); put(")");
put("(RMBLAUN) launch request:")
put(target-site);
put-ine(".");

end If;
normal.x:- iniLpos.y * target-site.z

- iniLpos.z * targeLsite.y;
normal.y:- initpos.z 0 targeLsite.x

- iniLpos.x 4targeLsite.z; 4,
normal. z: - iniLpos.x 0 target-site.y

- iuiLpos.y 6 targeLsite.x;
inclination: - arccos(normal.z/length(normal));
omega: - arctan( - normal.x / normal.y);
phi:- arccos((iniLpos 0 target-site)

/Ilength(init..pos) * ength(targeLsite))

perigee:- (-1.0) * (init-pos + target-site);
xref:- abs(normal.y);
yref: - abs(normal.x);
deita.1:- arccos(

(xref 0perigee.x + yref * perigee.y)
l(sqrt(,cref'xref + yrefyref) * length(perigee))

If perigee.z < 0.0 then
delta1: - delta-.1 + pi;

end If; ~ '

v..min:- sqrt((2.0 * sin(phi)) / (1.0 + sin(phi)));
gamma:- arcsin(cos(phi))/2.0;
axis: - Re (2. 0 -v.minv..in);
eccentricity: - sqrt((1.0 - v-min~v..min*(2.0-v..min**2.0))

mean-.motion:- sqrt(muI(axis**3.0));
theta: - pi - phi;
sin..oLE: - sqrt(1.0 - eccentricityeccentricity)Osin(theta)

/(1.0 + eccentricity* cos(theta));
E: - arcsin(sizt..oLFs);
tau: - (E - eccentricity~sil-oL)/mdanJmotion;
flight-time:- 2.0 $Pt / mean-..motion - 2.0Otau;
All:- cos(delta..1) * cos(omega)

- sin(delta.J) *cos(inclination) * sin(oniega);
A12:- cos(delta..1) 0 sin(omega)

+ sin(delta..1) * cos(inclination) * cos(omega);
A13: - sin(delta...) * sin(inclination);
A21:- - sin(delta-1) 0 cos(omega)

- cos(delta-.1) 0 cos(inclination) * sin~omega);
A22:- cos(delta..1) 0cos(inclination)* cos(omega)

- sin(delta-i) 0 sin(omega);
A23:- cos(delta-1) * sin(inclination);
delta.J:- PDL-duration...type(fiight-time / 20.0);
missile-eom: - new...eqn...motiorL-rec;
missile-..on. delta...t- delta.t;
next-eom-..rec: - missile..eom;
for jIn 1..19 loop I

mean...anom: - meait.moion(floatOjinteger(defta-t)) + tau);
Ecc-.Anom: - mean-.anow

" cetrct sin(mean..anom)
" eccentricity * eccentricity * sin(2.0*mean-anom)/2.0

(eccentricity 003.0)/2.0
0sin(mean-.anom) * 2.0 *cos(mean-.anom)

+ (eccentricity **4.0)16.0 I

40
UNCLASSIFIED ~>



UNCLASSIFIED

sin(mean..anom) **3.0 0 cos(mean-anom);
ci:- axis 0(cos(Ecc..Anoni) - eccentricity);
c2:- axis *sqrt(l.O - eccentricity * eccentricity)

gnext-eonLrec.position.x:- allcl + lc2
nex-eonL-rec.position.y:- a12*c1 + a22*c2;
next-eom-r.ec.position.z:- a13*cI + a23*c2;
ifj < 19 then

next-eom-rec.next-rec: - new..eqlL motion-rec;
next-com..rec: - next-eom-rec.next-.rec;
nexzeom...rec. delta..t:- deita-t;

end if;
end loop;
missilc..param:- new Russian..Missile-Platform..parameterization;
missile-.param.id:- "RMss ';
put(missile-param.id(6. .7),znissile-.num);
if cuff enLdebugJevel > 50 then 0I

put("("); put(platform-id); put(")");
puLine("(RM13LAUN) Launching missile now.");

end If;
Russian issiie-Platform..cR..pkg.create-piatform(

Russiar-l.Missile.Ylatform..designator,
p~ram -> rnssiie-.pararn,
initial-position -> init-pos,
eqn..motion -> missile-eom,
expected-lifetime->

PDL-duratiolL-type(fligh~timfe));
missile..nuin:- missile-njum + 1;
wait(0);

end loop;

exception
when others -> puUine("**Some error in RussJiss..LaunchLTKtask*");

Send;

$plafomRuss-ssile-Ptfom:Russia-Missile is

A Send;
%

with PiatformCollisionTmtpkg;
$links Russianjviissile-.Platform Is
$begin

interna~inkQ'Ta;.collisions,Russian-Missile.m.part.in);
internal-ink('LG. events ,Russian-.MissileTm. event-in); '

exclude..dyanodule(MYSELF,
Platform-ColisioL.Th-pkg.PlatforL.Colision2r?-designator);

exception
when others ->puUine("**Some error in Russ-vMiss-Pla-init'");

Send;
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. -... RUSSIAN-.MISSILETM ----

$techaolgy.zodu! Russian2Aiissile..i M" is
Sinport part-n:Platform.Msg,

event-in:EventLMsg;
Sparameter platform-id: string(1. .7):- -"

Send;

with Vector.4,kg,Vectorjo;
use Vector..pkg,Vectorio;
Stask Russian..Mssile.YM Is

use Cones..nJYIatforms .interface-.procs;
SECONDS: constant:- PDL.ticks-per-.second;
pos: vector;
which-port: integer;

$begin

lO;ait.-for-activity((event-.in. Port,part-i.PFort),whiclt.port,

StartTime -> 0,Time-.out- >SECONDS);
If which-port- I then

consume(event-in);
put("("); put(platform..id); put(")");
puUine((RMISSTM) Now I'm dead (R.I.P.)");
destroy-.self;

end 11;
If which-port-2 then

consume(pari-in);
destroy-.self;

end if;
If current-debug.Jevel > 20 then

put("(*); put(platform...id); put(")"); A
put("(RNvISSTM) position update: ")T
pos:- platform-position;
put(pos);

put(CurrenLi'DL..time,l); put(".");
new.jine;

end if;
end loop;

exception V
when others ->wrte..process-full(mysE-LP,"***Some error in

Send;

%

.4

1
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7. Technology Modules

The following contains all the technology modules referenced in the preceding SAGEN
code. This includes the KKVJ'latform, the Communication modules, the Sensor-.Response
module, and others.

7.1. KXV Technology -

The KKVs are launched by the KKV..Weapon..TM technology module. This module will
launch up to 12 KKVs. The KKVJ'latfonn represents a projectile. This platform contains two
technology module. The Platform...Collision..TM determines the result of a collision and the
Tracker-..TM periodically prints the location of the KXV.

........------------------KKV..3EAPON..TM---

with Kiv-Ylatform..pkg;4
$technology.-nodule icv-Weapo-T..m Is

Slnport target-in: ector;
Sparameter platform-id:string(l. .7): - ("-KKV-");

$end;

with VectorlJo;
use Vector-1o;
$task Iacv.Weapon.Tm Is

use Cones..n.Platforms .interface-.procs,Conesj-latformns.eqn jnotion-pkg,
Iacv-latform-pkg,Kov-latform..pkg.KiVYlatform..cp-pkg;

kkviconstaint:- .7)-unKK-#-";meer
k.Ecom: cosn..mt-olLtpe; e-sco

iniLpos: point-type;

temp: float;

while Kicv.J4mrr > 0 loop
wait-for-activity((l->target-in.Port),StartTime ->0);

current-target: - port-data(target-in);
consume(target-jn);
init-pos: - platform-position;
temp:- length(init-pos);
teMp:- (tep.- 1.Olio..)ltemp;
init-pos: - init-pos * temp; ,
distance: - Iength(current-target - init-pos);
flight-time: - PDL-dtlratiorL-type(integer(

distance / float(S * KM / SFCONDS)

kkv-eom: - new-eqn-.motion-.rec;
kkv..eom. position: - currenttarget;
kkv-eom.delta-t: - flight-time;
kkv..eom.next-rec: - null;
kkv-.param: - new KiKv..Platform.parameterization;
kkv..param. owner: - platform-id;
put(kkvjid(6. .7),13 - KKvJJmfl');
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OX,

kkv-.param.id: - kkv-id;
jovJ'atforn.CP.pg. create..patform(Kxv..Platform-desiglator, -

param -> kkv..param,
initiat.position -> initLpO3,
eqIL motion -> kkv..eom,
expected-Iffetine, -> fight-time);,

iucv-JJr: - KcV-J2A - 1;
wait(0);

end loop;V
loop-0)

consume(target-in);
wait(0);

end loop;

A exception
when others -> pu~line("***Some error in KV.WeaponTlvtask**");

$end;

--------------------------------KK"L-PLATFORM...PKG ----

$platform iocv..latform:-Kxv is

$paramneters owner:string(l. .7):-(-) id-string(l. .7):- ("-KKV-");
Send;

with Sensor-.Cone..Response.YN-pkg;
Slinks icxv-.Platforsn Is
$begin

exclude-.dyn.modue(mysELF,
Sensor..Cone.ResponseTpkg.SensorConeRspoflse-Ttdesigflator);

exception
when others -> puUine("'*Some error in KKV..la-nit*'*");

Send;A

------------------------ YER-M--------TCK1 M

Sdynamic..teclt-module Tracker.TM: - TRAcKER.SM is

Send;

with Vector..pkg,Vector-jo,
use Vector..pkg,Vector-io;
Stask Tracker-TM Is

use Cones-..n..Platforms.interface-.procs;
use rLT..J..'

pos: vector;
Seconds: constant:- PDLticks-per-.second;

$begin
loop

wait(Seconds);
ifrcurrent-dehug- evel > - n then

put("("); vwrite..process-ful(MYSELF,",")',end-oine- >false);
put(" current position: ");
pos: - platform-position;
put(pos);
put(" at t-
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put(float(CuffentLPDL-irlc)/float(Seconds),3,4,O);
putjine(" seconds.");

end if-,S
wait(O);

end loop;

exception
when others ->write...process-full(mysELF,"*Some error in ,")

$end;

%

NO>
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7.2. Communications Technology

The communication technology is used to send and receive messages via SADMT cones.
The Ground..Staton...Communicaton..TM transmits orders from the Command-Post and
receives sensor data from the Sensor-Platforms.

------------ -------GROUND-STATION...COMMUNICATIONTM ----

Stechnology..module Ground-Station-Communication-XM is
SInport cone-in:Cone-Msg,

order-jcmit: Order;
Soutport sensor..Aatarcv:Track-Data;
$parameter piatform..id: string(l. .7):-(-)
Scone Order.ptr;

Send;

with Track-Data-ptr..pkg;
$task Ground-Station..Communjcation.Tmt is

use TrackData..ptr-pkg;
current-order: Order;
o..ptr: Order..ptr;
wineg: Cone.Msg;
sensor-..data. Track-Data;
d-ptr: Track-Data..ptr;
m..ptr: PDLjnagic-ptr;

$begin
o..ptr:- new Order;
loop

wait-for-.activity((ordeLxit. Port, cone-in. Port),StartTime ->0);

if Port-length(order.xmit) /- 0 then
currenLorder: - port-data(order-=irt);
consume(order.xmit);
o-ptr. all: - cuffrent-order;
wait(1);
create~cone(CommandLTransmission, data -> o..ptr);

elsif Port-ength(cone-in) /- 0 then
wmsg: - port-data(cone-.in);
consume(cone-in);
If wmsg.designator - Sensor-Data-ransmission then

d-ptr: - cast-magic..ptr-into- track..data...ptr(wmsg. data);
sensor-.data: - d-ptr. all;
wait(1);
emit(sensar.data..rcv, sensor-..data);

end If;
end If;
wait(0);

end loop;r

exception
when others ->puUine("***Some error in Gnd-StaL-Com..TN~ask***");

Send;

The Sensor-.Saelie.CommunicationTM broadcasts sensor data to all other platforms,
14 and it receives orders from the Command-Post and sensor data from other sensors.
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.-------------------SENSOR-SATELLrr&-COMMUNICATION.JM ....

Stechnology-module iensor-Satellite-Communicationm is

Sinport cone-in:Cone-Msg,
sensor..datA xzit:Track-Data;

Soutport order-rcv: Order,
sensor...data-.rcv:Trac-Data;

$paramneter platform-id: string(l..7):- -"
Scone Track-Data-.ptr;

Send;

with Order-ptr.pkg, Track-Data..ptr-pkg;
$task Sensor-Satellite-Communication..m is

use Order..ptr..pkg, Track-Data-ptr-pkg;
wmsg: Conejvlsg;
current-order: Order;
o..ptr: Order-ptr;
sensor-..data: Track-.Data;
d-ptr: TracL-Data-ptr;
which-.port: integer;

$hegin
d-ptr: - new Track-Data;
loop

Pwait-foL-activity((sensor..data..xmit.Port,cone-in.Port) ,whicK-port ,StartTime ->0);

Ifrwhich-port-1 then
sensor..data: - port-data(sensor-data-xmit);
con3UMe(Sensor-datacmnit);
d~ptr.all:- sensordata;
wait(l);
create.cone(Sensor-Data-ransmission, data -ptr);

cehif which-.port -2 then
wwsg: - port-data(cone-.in);
consume(cone-in);
If winsg.designator - Command-Transmission then

o-.ptr: - casL-magic-ptrinto.order.ptr(wmsg. data);
cufrent-order: - o-.ptr. all;
wait(l);
emit(order-.rcv,currenL-order);

elsif wmsg.designator - Sensor-Data.-ransmission then
d...ptr: - cast-magic-trjntotrack.data.ptr(wmsg. data);
sensor-data:- - ptr.all;
wait(1);
emit(sensor-data-.rcv, sensor-..data);

end If;
end If-,
wait(O); -

end loop;

entI:hers ->putine("***Some error in Sno-a-o-~its")

Send;

%
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The Weapons..latformj-ommunication.TM receives orders from the Command-Posts
and target information form the Sensor..Platforms.

--- -- -- -- -- --- PLATFOPOMJOMMUNICATIONJ'M ....

Stechnoiogy-.moduie Weapons-Piatform..Communication.TM Is
Sinport cone-in:Con.Msg;
Soutport order..rcv: Order,

sex sor..data-r.cv:Track-Diata;
* S~parameter platform-id:string(l. .7):- (- "

$end;

with Order-.ptr-pkg, Track-Data..ptr-pkg;
$task Weapons-Platform..Communication-Tm Is

use Order-.ptr-pkg, Track-Data..ptr-pkg;
wmsg: Cone.Msg;
current-order: Order;
o-ptr: Order-ptr;
sensor-data: Track-.Data;
d.ptr: Track-Data-.ptr;

Sbegin
loop&

waitjfor-activity((l->cone-n.Port),StartTime -> 0);
wmsg: - port-data(cone-in);
consume(conein);
if wmsg. designator - Command-Transmission then

o-ptr: - castmnagic-ptrintoorderptr(wmsg. data);
currenLorder:- o..ptr.aii;
wait(l);
emit(order.rcv, currenLorder);

eisif wmsg. designator - Sensor-Data.-Transmission then
d-ptr: - cast-magic-ptrntotrackdata-ptr(wmsg. data);
sensor..data:- -ptr. al;
wait(l);
emit(sensor-dat&..rcv, sensor-.data); .

end If;
wait(0);

end loop;

exception
'9~when others ->puUine("'**Some error in Platform-ConL.TNItask"O");

$end; %
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7.3. Other Technology Modules

The OrbiL-Equation-of..Moion..TM is a stub process. Currently this process acknowledge
the SADMT EvenL-Msg; however, a new equation of motion is not generated by this TM.

--- -- --- -- --- OR.BITLEQUATION-OF..MOTIONTM ---

$technology-module OrbiLEquation.oLMatioLTm is
Sinport eventjn:EvenLMsg;

Send;

$task OrbiL.Equatian..oLMotion-TM Is
emsg: EvenL-Msg;0

$begin
loop

wait-for-.activity((l->event-n.Port),StartTime ->0);

emsg:- port-data(evenLin);
consume(even-n);
If ems& - endtoLeqanmotion then

putine("(end-of-eqn-motion).");

Computing~ ne q-fmotion now.");

pu~ine"(NOTend-of-eqn-motion).");
end If;

wait(O);
end loop;

exception-,.
when othert--> putine("***Some error in Orbit-Eqn..Mot.TNI-task'");

$end;

The Platform...DATtTM returns information concerning physical properties of the plat-
form. This includes the platforms mass, equation of motion, speed, and so on.

-----------------------PLATFORM..DATA..TM---

Stechnology.-nodule Plattorm-Data-m is
Sinport reqjin:Platform-Data.Req;

* Soutport data-out :Platform-Data;
$parameter platform...id:string(l. .7):- (--)

Send;

wih Vector..pkg,Vectorjo;
use Vector..pkg,Vectorjo;
Stask Platform-DatajrM is

use Cones..n-PIatforms .interface..procs;
UisePLT-JO;
part-data: Platform-Data;
phys-block: physicaLstuff-block;%

$begin
loop

wait-for.activity((1->req-jn.Port),StartTime ->0);

consume(req-in);
phys-block:- get-physicaLstuff; w.A
part-data. designator: - get-my-type;%
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* part-data. mass: - phys..block. mass;
part-data.eqn.Jnotion:- phys-block.eqan otion;
part-data. current-eqtt-notiol-segment- S

phys-block.curent-eqt.segment;
parLcdata.whezL-arrived-this-segnent: -

phys-.block.when-arrived-this.segrnent;
parc-data.whenJeavingjthis-segment: -

phys-.block.whenjeavngjhis-segnent;
part-data. position: - platform-.position;
part-data. speed: - phys-block.speed-this-segnent;
part-data.velocity:-

(phys..block.where-atend-oLsegment -

phys..block.where..atstart-oLsegrnent)/
phys-lock.delta-t-this-segnent;

ernit(data-out,part-data);
* wait(0);

end loop;

exception
when others -> putine("**Sorne error in Platform-Info..TMtask**);

$end;

The Sensor..ConeJResponse&TM listens to all beaniings and ignores all but the Sensor-Cone
beamings. When a Sensor-Cone beaming is detected, this TM returns a Sensor-Cone-.Reflection
to the platform that originated the Sensor-.Cone.

----------------------SENSORLCONE-ESPONSE.TM ----

Sdynamic-tec&.rnodule Sensor-Cone-Response.'rM:- SEN4SOR-CONE-RESPONSE Is
Scone-inport cone-in;

9 S~cone Track..Data..rec..ptr;
* Send;

with Vector-jo,Sensor-Cone.pkg;
with Track-Data-rec-ptr-pkg;
use Vector-io,Sensor..Cone-pkg;
$task Sensor-Cone-ResponserTM is

use Cones-n-PIatforns .interface-procs;
wmsg: Cone.Msg;
part-data: TracL-Dat&..xec-ptr;
corn: eqn.Jnotior-type;

$beginP.
part-data:- new Track-Data-rec;
part-data.next-rec: - null;
loop

wait-for-activity((1->cone-n.Port),StartTine 0);
* wrnsg:- port-data(cone-in);

consurne~cone-in);
If wmsg. designator - Sensor-.Cone then

part-data. position: - platform-position;
S.., corn:- null;

part-data.velocity: - (0.0,0.0,0.0);

create-cone(Sensor-Cone-Reflection,
RetAddr -> wrnsg.initiator-id,

edi;data -> part-data);

wait(0);
end loop;
exception
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when others ->write-.process-.ull(P ysmUF,"*Some error in 0,*s)
$end;

Ile Sensor-.Device..TM waits for a signal to arrive on its sense..cmd port. When the signal
arrives, it transmits a Sensor-..Cone and wait for echos. As the echos are received, a track file is
constructed. After all of the echos have been received, the track file is passed over the outport
to the sensor platform.- ---- E S E CE

Stechnology-.module Sensor-.Device..m Is 4

SInport cone-in:Conejvlag,
sense-.cmd:Sense-Req;

Soutport sensor-data:Track.Data;
$pamameter platform~id:string(l. .7):- (-)

Scone Sense..Req-ptr;
Send;

with Vectorjo,TrackDatarec-ptr-pkg,Sensor-Cone-pkg;
use Vector-jo,Track-Data-rec-ptr-pkg,Sensor-Cone-pkg;

$task Sensor-.Device..m is
use Cones n JPatforms.interface-procs;
Use PLT...O;
cmd: Sense..Req;

~q. wmsg: Cone2.Asg;
data: TracL..Data-rec;
track-info: Track-Data; .0

new-.node: Track-Data.rec-.ptr:- null; .1 $begin
loop

If PorUength(ense-.cmd) - 0 and then
Port~ength(cone-in ) 0 then

waitjfor-activty; P
elsif PorUength(cone-in) /- 0 then

consume(cone-in);
else

cmd: - port-data(sense-cmd);
consume(sense-cmd);
create..cone(Sensor..Cone, cone->cmd);
wait(1);
track-info.trackJist:- null;

- track-info.number..oLtargets:- 0;
while PorUength(cone..in) /- 0 loop

wmsg:- porc-data(cone..in);
consume(cone-in);
If wmsg.designator - Sensor..Cone-Reflection then

new...node: - cast-magic-pr-into-track-data-rec.ptr(
rv wmsg. data);

data:- new-node.all; 1

new-node:- new-track-datarec;
new-.node.alt:- data; 0
new-node.next-iec:- track-info.track-Jist;
trackinfo.trackJist: - new-..node;
trackinfo.number..oftargets:-

track.Jnfo.number.oLtargets + 1;
wait(l);

end loop;
emit(sensor..data,track-info);
If track-inlo.number-oLtargets - 0 then

if current-debugJevel > 60 then

put("(SENSORD) No targets; killing of platform now.");
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end if;
destroy-.self;

end iM;
end i1; '

wait(0);
end loop;

exception
when others ->puUine("**Some error in Sensor-Device.TMW*");

Send;

The Platform.Xollision-TM is simple. This TM destroys the host platform as soon as a
collision is detected,

----------------------PLATFORM.XOLLISIONTM ---

Sdynamic-teck..modiile Platform-Collisionlrm: -PLATFORM-COUS1ON-TM is
$piatform-inport part-n;

Send;

with Vector-pkrg,Vector-io;
M use Vector...pkg,Vectorjo;

$task Platform-.Collisio-T~m Is

use Coneszt-Ylatforms.interface-.procs;
pos: vector;

Sbegin
loop..

wait-for-activity((l->part-n.Prt),StartTime -> 0);
consume(parcrin);

put-ine("(PARTCQL) Now I'm dead (R. IT.)");
destroy-..self;

wait(0);
end loop;
exception

when others -> write-prOCeSS-.Uii(MYSELP,"**Sone error in ""*4)

Send;
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Arlington, VA 22202

6



%0 A

Robert T. Goettge
Advanced Systems Technology
12200 East Briarwood Av.
Suite 260 N
Englewood, CO 80112

H.T. Goranson
Sirius Inc.
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